alone itself caused an induction of apical filopodia (Figure 1E) . Rif-induced filopodia were also not affected by University of Bristol Bristol BS8 1TD expression of the SCAR-WA domain ( Figure 1D ), which binds to and sequesters the Arp2/3 complex (see Figure  United Kingdom S1 in the Supplemental Data available with this article online; [10] (Figure 2A) . Surprisingly, despite the weak similarity between Rif and RhoA [6], wild-type Rif, Riftures with both shared and unique properties.
), and we also failed to see an interaction between mDia2 and active RhoA by this method previous evidence that Rif is not capable of binding CRIB motifs [6] . Finally, Rif does not interact with an (data not shown). mDia2 makes a strong autoinhibitory interaction between its GBD and its C-terminal DAD mDia2 mutant lacking the GBD (amino acids 297-1171; Figure 2B ). Taken together, these data suggest that Rif domain [16] , and disruption of this interaction in vitro requires the addition of a 20-fold molar excess of active makes a GTP-dependent interaction with the isolated mDia2 GBD. The inactive Rif-TN construct does not inRhoA [17]. We therefore generated an mDia2 deletion mutant lacking the C-terminal DAD (mDia2 ⌬DAD; amino teract with the mDia2 GBD domain (amino acids 1-297), nor with the mDia2 ⌬GBD construct (amino acids 297-acids 1-1130) and tested the ability of Rif to interact with this truncated protein. As shown in Figure 2D , Rif 1171), but it does interact with mDia2 (amino acids 47-800). The reasons for this are unclear; one possibility is coimmunoprecipitates with mDia2 ⌬DAD. This interaction is independent of the nucleotide status of Rif, in that a second nucleotide-independent binding site is present in mDia2 and that this binding site is disrupted agreement with the data from the yeast two-hybrid interaction assays. We conclude that the interaction between when the GBD domain is isolated from the rest of the mDia2 protein.
Rif and mDia2 is strongly competed by the auto-inhibitory DAD domain to the extent that this interaction in In order to confirm the interaction between Rif and mDia2, we used an immunoprecipitation-based assay.
not Figure 3B ). When expressed on its own, full-length mDia2 was cytoplasmic and had no significant effect on actin morphology ( Figure 3A) ; however, when active Rif and mDia2 were coexpressed, mDia2 was translocated to the plasma membrane, and the full Rif filopodial phenotype was produced ( Figure 3C ). In HeLa by which filopodia form are still only partially resolved.
(B) mDia2 domains include the N-terminal GTPase binding domain

Svitkina and colleagues have proposed a model for the (GBD), the formin homology (FH) domains FH3, FH1, and FH2, and the C-terminal Dia-autoregulatory domain (DAD). (C) Myc-tagged full-length mDia2 was expressed in Cos-7 cells together either with empty pcDNA3 vector or with HA-tagged Rif-TN, Rif-WT, or Rif-QL. Samples of cell lysates were taken to confirm expressed in Cos7 cells together with Rif mutants as above. Samexpression of the various proteins (left panels). Rif was immunopreples of cell lysates were taken to confirm expression of the various cipitated with immobilized anti-HA antibody, and coprecipitating proteins (left panels). Rif was immunoprecipitated with immobilized mDia2 was detected by Western blotting (right panels). No interac-
anti-HA antibody, and coprecipitating mDia2 was detected by Westtion could be detected between Rif and full-length mDia2.
ern blotting (right panels). The truncated mDia2 ⌬DAD coprecipi-(D) Myc-tagged mDia2 truncated to remove its DAD domain was tated with all three Rif constructs, including the GDP bound Rif-TN. 
The Figure shows NIH 3T3 cells transfected with the following constructs and then immunostained with the appropriate antibodies: (A) Full-length mDia2 (green), costained for F-actin (red). (B) Rif-QL (green), costained for F-actin (red). (C, D, and E) Rif-QL (green) and full-length mDia2 (red). (D) is a 2.5ϫ magnified section of (C) showing the concentration of mDia2 to filopodia tips seen in cells expressing a low concentration of mDia2. In cells with higher levels of mDia2 (E), Rif and mDia2 were evenly dispersed along the filopodia. Coexpression of active Rif-QL with mDia2 lead to induction of numerous long filopodia in 82% of cells; compared to 32% with Rif-QL alone and 0% with mDia2 alone (n Ն 30). (F) Rif-TN (green) and full-length mDia2 (red). (G) The constitutively active Cdc42-QL mutant (green) and full-length mDia2 (red). (H) Rif-QL (green) and mDia2 H160D (red).
The scale bars represent 10 m.
initiation of the short filopodia, or "microspikes," that activities-the activities of actin crosslinking proteins, as well as some mechanism to anchor the nascent filaarise from lamellipodia at the periphery of the cell [22] . In this model, filaments within the dendritic array of ments into the subplasmalemmal actin cytoskeleton. The key point is that pathways controlled by Rif and lamellipodial actin coalesce to form a cone-shaped initiation structure. This is followed by binding of proteins Cdc42 produce different kinds of filopodial protrusions. Cells produce a wide range of specialized filopodia and such as VASP to the barbed ends of these filaments to protect them from capping and allow elongation. Filafilopodia-like protrusions, from the apical microvilli of absorptive epithelial cells to the highly ordered sterement bundling would then occur through recruitment of the actin crosslinking protein Fascin [22] . In this model, ocilia of cochlear hair cells. With each of these structures, the modification of a basic form adapts them to the Arp2/3 complex would play an initiating role in filopodia formation because it would be required for proa specific biological function. The differences between Rif and Cdc42 show how such specializations might duction of the dendritic actin array from which these structures arise. be controlled. By relating these signaling pathways to These experimental observations on microspike forbiological functions, we can begin to categorize and mation seem to relate better to filopodia induced by dissect this family of protrusive structures. Cdc42 than to those induced by Rif. Rif-induced filopodia do not preferentially arise from lamellipodia and 
